S
ome studies show that 27-53% of patients undergoing radical prostatectomy will have a detectable rise in prostate specific antigen (PSA) within 10 years. 1 Rises in serum PSA after radical prostatectomy, when initially undetectable, are usually thought to be a marker for recurrent disease. Recurrent PSA rises are considered to be ''biochemical failure'', although some studies question whether this equates to clinical failure. 2 Some have suggested that increases in PSA may occur as a result of benign prostatic epithelial tissue, which remains at the surgical margins after radical prostatectomy. We sought to determine whether the presence, location, and extent of benign prostatic tissue at the inked surgical margins of radical prostatectomy specimens influence PSA recurrence and patient outcome.
''Some have suggested that increases in prostate specific antigen may occur as a result of benign prostatic epithelial tissue, which remains at the surgical margins after radical prostatectomy''
MATERIALS AND METHODS
We analysed the radical prostatectomy specimens of 245 consecutive patients with prostate cancer, who were operated on by a single surgeon (MOK) between 1999 and 2003 at the Indiana University School of Medicine, USA. None received hormotherapy or radiotherapy before surgery. We excluded 46 patients (18%) with tumour at surgical margins, yielding a final study population of 199 patients. The prostatectomy specimens were totally embedded using the whole mount technique, as described previously. [3] [4] [5] [6] [7] [8] [9] During initial processing of the specimen, the prostate was weighed, measured, and inked with two colours. The specimen was then fixed in 10% formalin. After fixation, the specimen was step sectioned, and submitted in entire cross sections from apex to base. The apex and bladder neck were coned and serially sectioned. The specimens were then analysed for the presence of tumour, Gleason grade, tumour stage, margin status, tumour volume, and the presence or absence of benign epithelial tissue at the surgical margin. Grading was performed according to the Gleason grading system, 10 and the final score was obtained by summing the primary and secondary Gleason pattern grades, based upon assessment of the entire specimen. The 1997 TNM system was used for pathological staging. 11 The greatest diameter of the largest single focus of tumour was obtained by marking both ends of the tumour on the glass slide and measuring this distance with a ruler marked with millimetres. If the tumour size was , 0.5 cm, an ocular micrometer was used. The volume of carcinoma in the entire prostate was determined by the grid method and was the sum of the volumes of individual foci of tumour. 12 13 The presence of benign tissue at the surgical margin was determined by identifying glandular tissue at the inked margin (fig 1) . Using an ocular micrometer, the length of benign prostatic tissue at the inked margins was measured (in millimetres) for each specific location, and the total length was obtained by adding the measured length of all positive sites. The total length of benign tissue, and the length at each anatomical location, were documented.
Abbreviations: PSA, prostate specific antigen Serum PSA was measured using the ImmuliteH PSA assay (Diagnostics Products Corporation, Los Angeles, California, USA). Biochemical recurrence was defined as a PSA value of at least 0.1 ng/ml after surgery. 14 15 The patients were followed at one, three, six, 12, 18, and 24 months during the first two years. Thereafter, follow up was adjusted according to the clinical situation but was at least annually. The mean follow up was 14 months (median, 12; range, 1.5-48). This research was approved by the Indiana University institutional review board.
The results were analysed using SAS V8.2 (Cary, North Carolina, USA), with two sided tests and p, 0.05 implying significance. Fisher's exact test was used to compare postoperative PSA recurrence with the presence or absence of benign epithelial tissue at surgical margins and location of the benign tissue. The association of PSA recurrence with presence or absence of benign tissue at surgical margins was also tested within each margin location. Fisher's exact test was also used to test for differences in all categorical patient characteristics by the presence or absence of benign tissue at surgical margins and anatomical location. The Wilcoxon rank sum test was used to test for differences in continuous measures between subjects with and without benign tissue at surgical margins. The Wilcoxon rank sum test was also used to test for differences in patient measures by anatomical location.
In the 55 subjects with benign tissue at surgical margins, the correlation of length of benign tissue at surgical margins with various clinicopathological characteristics was assessed using Spearman's correlation coefficient. Because the number of subjects with benign tissue at surgical margins in whom PSA recurred was small, a Monte Carlo estimate for the exact Wilcoxon rank sum test was also used to test for differences in length of the benign tissue at surgical margins grouped by postoperative PSA value.
RESULTS
Of the 199 patients in our study, 17 (8.5%) had a raised postoperative PSA value and two patients had lymph node metastasis. The overall distribution of pathological stage was T2a (31 patients), T2b (128 patients), T3a (34 patients), and T3b (six patients). Gleason scores were 5 (39 patients), 6 (70 patients), 7 (70 patients), 8 (seven patients), and 9 (13 patients). The mean tumour volume was 2.02 cc (range, 0.03-13.6 cc).
In our study, 55 of 199 (28%) cases had benign prostatic glandular tissue at the surgical margin. Table 1 shows the patient characteristics for subjects categorised by whether they had benign tissue at the surgical margin. Table 2 summarises the number of cases with benign tissue at each anatomical location. The most frequent location of benign prostatic glandular tissue at the surgical margin was the apex and bladder base. Forty of 55 patients had benign prostatic tissue involving the apex and 22 of 55 had only apex involvement. Benign prostatic tissue at the base was found in 28 of 55 patients and bladder base involvement alone was seen in 14 of 55 patients. Benign prostatic tissue at the inked margins was also seen in the anterior prostate in five cases. None of the cases in our study showed involvement of the posterior prostate with benign prostate epithelial tissue at the resection margin. There were no significant associations between anatomical location and PSA recurrence using Fisher's exact test. In addition, the anatomical location of the benign tissue was not significantly associated with patient characteristics. Table 3 summarises the extent of margin involvement according to anatomical location. The mean length of the benign tissue was 2.19 mm, ranging from 0.1 mm to 14.7 mm. The length of the benign tissue at the inked margins (extent) was also tested for an association with patient characteristics and PSA recurrence. There was no significant association between the extent of benign prostatic tissue at the inked margin and PSA recurrence or patient characteristics.
DISCUSSION
The measurement of serum PSA values is useful for the postoperative evaluation of patients with prostate cancer. However, some have proposed that PSA recurrence may result from benign prostatic tissue left within the patient after radical prostatectomy. We undertook our study to determine whether the presence, location, and extent of benign prostatic tissue at the inked surgical margins of radical prostatectomy specimens have an influence on patient outcome. We found that the presence, anatomical location, and extent of benign prostatic tissue at the inked margin did not correlate with clinicopathological characteristics or postoperative PSA rises.
There are a limited number of previous studies that have addressed this topic. A previous study following 86 patients after radical prostatectomy showed similar findings. 16 The study followed the postoperative PSA values of patients, with a median follow up time of 63 days. Only two patients showed postoperative PSA rises within this time frame, neither of whom had benign glands present at the surgical margins. Only nine of the 86 patients (11%) in this earlier study showed benign prostatic epithelium at the inked surgical margin, in contrast to our finding of 28%. 16 Other studies have reported higher incidences of benign prostatic epithelium at the surgical margins, ranging from 37% to 90%. 17 18 An earlier study by Ravery concluded that capsular incision (benign tissue at margin) was not associated with postoperative PSA increases, or biochemical failure. 19 In addition, Barocas et al showed no significant difference in disease recurrence in patients with ''isolated capsular incision''. 20 An additional study by Ravery concluded that postoperative PSA rises are caused by the presence of unconfined tumour, which was probably overlooked on initial microscopic examination. 19 That study involved reanalysing and reprocessing, if needed, seven patients in whom the disease had initially been classified as organ confined, but who subsequently developed recurrent disease. Of these patients, three of seven were upstaged after re-evaluation of the original slides. Of the remaining four, additional levels were cut, three of which resulted in positive margins. Only one of seven remained negative after the more detailed evaluation. 19 Taken together, these findings indicate that benign epithelial tissue at the surgical margin is not associated with postoperative PSA rises. We conclude that the presence of benign prostatic tissue at the surgical margins is not associated with adverse prognostic features and does not have prognostic relevance; therefore, we do not advocate reporting the presence of benign prostatic tissue at the inked margins as a standard part of the surgical pathology report on prostatectomy specimens.
One possible explanation for why benign epithelium is not correlated with postoperative PSA increases could be the relatively small volume of glandular tissue left behind. Most often, the benign tissue forms only a small area, located in the apex. In addition, this area may be devitalised as a result of surgical procedures, and it is possible that no true vital glandular tissue remains. However, this does not entirely exclude the possibility of isolated cases of PSA recurrence as a result of large amounts of benign prostate epithelium remaining within the patient postoperatively. In our study, benign prostatic epithelium was most often seen in the apex and base, with the apex being the most frequent location, similar to previous studies. 16 The higher occurrence of benign epithelial tissue at the apex margin reflects the difficulty of visualising the apex adequately at the time of resection. A small proportion of the cases demonstrated benign epithelial tissue in the anterior part of the prostate. The main limitation of our study is short follow up. A strength of our current study is the large patient population, with all the specimens processed using the whole mount technique.
''We do not advocate reporting the presence of benign prostatic tissue at the inked margins as a standard part of the surgical pathology report on prostatectomy specimens'' Postoperative PSA measurement remains a powerful tool for the follow up of patients with prostate cancer after radical prostatectomy. A study by Pound et al showed that with longterm follow up, 15% of patients with prostate cancer Values are median (range).
Take home messages N Benign prostatic glandular tissue was frequently found at the inked margins of the apex and was uncommon in the anterior or posterior prostate N The presence, anatomical location, and length of benign prostatic tissue at the inked margin were not significantly associated with age, preoperative prostate specific antigen (PSA) value, prostate weight, pathological stage, tumour volume, largest tumour dimension, Gleason score, extraprostatic extension, seminal vesical invasion, tumour multifocality, perineural invasion, or PSA recurrence N The presence of benign prostatic epithelial tissue at the inked surgical margins had no prognostic relevance eventually developed postoperative PSA increases. 1 Of these, 34% developed metastatic disease within the study period, with a median time to metastasis of eight years from the first detectable postoperative PSA increase. 1 Because benign epithelium at surgical margins is not correlated with postoperative PSA rises, postoperative PSA increases should in most cases continue to be considered ''biochemical failure''. Additional longterm follow up would be needed to evaluate what percentage of these patients will progress to metastatic disease or clinical failure.
In summary, benign prostatic tissue was frequently found at the inked margins of the apex and bladder base. It was unusual in the anterior or posterior prostate. The presence of benign prostatic epithelial tissue at the inked surgical margins had no prognostic relevance, and was not associated with postoperative PSA recurrence.
